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The acrosyringium of human apocrine sweat appara-
tus has been studied by light and electron microscopy 
using horizontal continuous serial sections. The apocrine 
acrosyringium is composed of 3 structurally different 
portions, a highly keratinizing upper portion, an incom-
pletely keratinizing midportion, and a least keratinizing 
lower portion. Throughout these 3 portions, there are 2 
distinctly different but closely inter-related cellular 
units, namely (I) a keratinization process lacking mem-
brane-coating granules but containing keratohyalin 
droplets occurring in its inner cell layer, and (II) a ker-
atinization process rich in membrane-coating granules 
and containing keratohyalin granules occurring in its 
outer surrounding concentric cell layers. In contrast to 
the inner cell layer, the outer cell layer does not belong 
to the duct proper but rather should be considered as the 
periacrosyringeal complex layer which is specially dif-
ferentiated to envelop the intra-epithelial duct. This apo-
crine acrosyringeal complex in the hair follicle seems to 
be essentially similar to that of the eccrine apparatus in 
the epidermis. 
Since the establishment of eccrine acrosyringium by Pinkus 
[1] in 1939, its ultrastructural and enzymic characterization is 
presented by Hashimoto, Gross, and Lever [2], Suzuki [3], 
Kurosumi and Kurosumi [4] and Zelickson [5]. Such clarifica-
tion of acrosyringium as a structurally and functionally inde-
pendent unit in the epidermis has led to the discoveries of 
benign and malignant tumors of the acrosyringium such as 
eccrine poroma [6], eccrine poroepithelioma [7], and eccrine 
porocarcinoma [8]. 
Recently, we have encountered, in the sheath of the hair 
follicles in the axillary region of a 71-yr-old male, a carcinoma-
tous growth [9] having ultrastructural and enzymic character-
istics which appear to correspond to those of apocrine acrosy-
ringium [10]. 
In the course of investigation of this tumor it became appar-
ent that almost no ultrastructural characterization of apocrine 
acrosyringium has been reported. Thus we have undertaken 
light and electron microscopic studies on the human apocrine 
acrosyringium using horizontal continuous serial sections. 
MATERIALS AND METHODS 
The axillary apocrine apparatuses were taken· from 3 osmidrosis 
patients, a 21-yr-old male (No. 616), a 23-yr-old female (No. 105) and 
a 15-yr-old female (No. 365). Specimens were fixed with 2.5% glutru·al-
dehyde in 0.1 M phosphate buffer (pH 7.4) and 1% OsO,. in cacodylate 
buffer (pH 7.4) and embedded in Epon 812. Sections were cut with 
Porter-Blum Mt-I ultramicrotome. Sections stained with saturated 
uranyl acetate and Millonig's lead acetate were examined with JEM 
100S and HS-8 transmission electron microscopes. 
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Specimens were taken by continuous horizontal serial sectioning 
from the epidermal surface to midcorium. Concomitant light micro-
scopic checking of the apocrine acrosyringium in the hair follicles was 
carried out using toluidine blue staining and PAS staining of Epon 
embedded sections, and also enzyme histochemical reaction [11] of 
nonfixed cryostat sections for phosphorylase activity. 
RESULTS 
Light microscopic examination of horizontal serial sections 
from Epon embedded tissues exhibits 3 characteristic portions 
of apocrine acrosyringium. The upper portion of acrosyringium, 
in or continuous with follicular infundibulum exhibits 2 units of 
distinctly different layers: (1) the inner cell layer which contains 
keratohyalin droplets and which begins to be shed off into the 
ductal lumen in the upper most acrosyringium; (2) surrounding 
keratinized layers and keratohyalin granule-containing concen-
tric cell layers (Fig lA). The midportion is characterized by the 
presence of keratohyalin droplet-containing inner cells and the 
surrounding keratohyalin granule-containing concentric cell 
layers. In contrast the lower portion of the acrosyringium 
exhibits neither keratohyalin droplets nor keratohyalin gran-
ules (Fig 1B). These keratohyalin droplets and granules [12] 
are found to be similarly PAS-positive (Fig 2A). Histochemical 
examination of apocrine acrosyringium for phosphorylase re-
veals its moderate but distinct activity not in the inner cell 
layer but in the surrounding concentric cell layers as well as 
non-concentric further out epithelial cells (Fig 2B). The above 
light microscopic examination suggests that human apocrine 
acrosyringium is composed of 3 structurally different portions, 
namely, highly keratinizing upper A portion, incompletely ker-
atinizing mid-B portion and least keratinizing lower C portion 
(Fig 3). Thus we have further studied, by electron microscopy, 
these 3 portions and compared them with the apocrine dermal 
duct. 
Electron microscopic examination of the A portion of the 
acrosyringium exhibits the 2 phase keratinization pattern, 
namely the keratinization process occurring both in the inner 
cell layer, and in the other surrounding two cell layers (Fig 4 
and 5A) . In the inner cell layer, the formation of keratohyalin 
droplets is seen with a slightly or moderately increased rather 
homogeneous electron density of their cytoplasm as it tends to 
be shed off into the lumen while ascending to the upper most 
acrosyringium. High magnification of these keratohyalin ch·op-
lets in the inner cells shows the presence of many ribosome 
particles on and around the ch·oplets (Fig 5B). This inner cell 
layer is surrounded by the completely keratinized intervening 
keratin cell layers and by granular cell layers containing flat-
tened keratohyalin granules and membrane-coating granules. 
These granular cell layers are further surrounded by several 
concentric flattened cell layers which have been found to pos-
sess no ultrastructural features distinguishing them from non-
concentric infundibular and epidermal keratinocytes. The lower 
most A portion also exhibits 2 phase keratinization but the 
surrounding keratin layers are irregularly discontinuous and 
moderately electron dense (Fig 6). 
The B portion is characterized by the absence of the inter-
vening keratin cell layers. However keratohyalin droplets are 
still formed in the in.ner cells although they are fewer than 
those in the inner cells of the A portion (Fig 7). The lower most 
B portion still shows the presence of keratohyalin droplets in 
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FIG 1. A, The upper portion (left) of apocrine acrosyringium in the 
human hair follicle consists of 2 units of distinctly different layers: (1) 
the inner cell layer (1) containing keratohyalin droplets (D), and (2) 
the surrounding keratinized layers ([() and concentric cell layers con-
taining keratohyalin granules (G). The midportion (right) is character-
ized by inner cells (1) containing keratohyalin droplets (D), and the 
surrounding concentric cell layers containing keratohyalin granules (G). 
A GTA-OsO, fixed and Epon 812 embedded block was cut and stained 
with toluidine blue. (X 430). B, A light micrograph of a hair follicle 
(left) and the lower portion of acrosyringium (right) which has several 
layers rather than the 2 cell layers seen in the dermal duct. This was 
obtained by 3 dimensional structural analysis, using horizontal serial 
sections, of an Epon 812 embedded block. This portion of acrosyringium 
shows neither keratohyalin droplets nor keratohyalin granules. Stained 
with toluidine blue (X 410). 
the inner cells, though the surrounding cells lose their ability to 
form keratohyalin granules despite the abundance of mem-
brane-coating granules (Fig 8). The C portion, also without 
intervening keratin cell layers, is characterized by the absence 
of both keratohyalin droplets in the inner cells and keratohyalin 
granules in the surrounding concentric cells which, however, 
still contain moderate numbers of membrane-coating granules 
(Fig 9). The lower most C portion loses the membrane-coating 
granule formation in the surrounding concentric cells (Fig 10) 
which, in contrast to the dermal duct, are composed of more 
than 2 or 3 cell layers. The inner cells also contain a number of 
multivesicular dark granules in their cytoplasm, and microvilli 
and surface ductal small vesicles on their luminal border with 
a tendency to more frequent occurrence as moving down to the 
C portion. 
The findings of the apocrine dermal duct obtained by us are 
essentially identical with those described by Hashimoto, Gross 
and Lever [13]. 
The above salient findings can be summarized as shown in 
Fig 11. 
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FIG 2. A, The PAS stained upper portion of apocrine acrosyringiurn 
(Ap) showing positive reaction of keratohyalin droplets (D) and of 
keratohyalin granules (G) similar to keratohyalin granules (FG) of the 
hair follicle (F). A GTA-OsO, fixed and Epon 812 embedded block was 
cut and stained with PAS without counter stain (X 490). B, A phos-
phorylase reaction of the midportion of apocrine acrosyringium (Ap) 
showing its activity by the increased density due to reaction products 
not in the inner cell layer but mostly in the surrounding concentric as 
well as non-concentric cell layers. F: hair follicle (X 210). 
Schemat i c Diagram of Hll!lan Apocrine Acrosyringeal Comp lex 
FIG 3. Schematic diagram of the apocrine acrosyringeal complex 
composed of-3 structurally different portions, highly keratinizing upper 
A ·portion, incompletely keratinizing mid B portion and the least 
keratinizing lower C portion. 
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FIG 4. Electron micrograph of the upper A portion demonstrates 
the 2 phase keratinization pattern occurring in the inner cell layer (1) 
and in the other surrounding 2 cell layers (K,G). The inner cells (1) 
form keratohyalin droplets (D) which tend to be shed off into the lumen 
while ascending to the upper most acrosyringium. K: Keratinized layers. 
G: Keratohyalin granule containing layers (x 3,200). 
FIG 5. A, Electron microscopy of the upper A portion of the acro-
syringium, in its deeper region, shows the inner cell layer containing 
keratohyalin droplets (D), surrounding completely keratinized layers 
(K) and granular cell layers which contain keratohyalin granules (G) 
and membrane-coating granules (M) (X 4,100). B, Many ribosome 
particles (arrows) can be seen on and around the keratohyalin droplets 
(D) (X 30,000). 
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DISCUSSION 
1 The concept of the intraepidermal sweat duct unit as a biological entity has been well established in the eccrine acro-
syringium by its functional and morphological characteristics 
as well as its behavior in the epidermal ontogenesis such as its 
independence from the surrounding dysplastic epidermal 
growth exemplified by senile keratosis [14] and its selective 
neoplastic growth exemplified by eccrine poroma [6]. 
However, the detailed structure of apocrine acrosyringiurn 
and its biological behavior has not been sufficiently clarified. 
The present study seems to indicate that the apocrine acrosy-
ringium has a very similar, if not identical, ultrastructure to 
that of eccrine acrosyringium except for its presence in the wall 
of follicular infundibulum. 
Eccrine acrosyringium has been widely considered to be 
composed of one layer of inner cells and 2 to 3 layers of outer 
cells. Hashimoto, Gross and Lever [2] showed that the inner 
FIG 6. In the lower most A portion, the 2 phase keratinization is 
also seen, but the surrounding keratin layers (K) are irregularly discon-
tinuous with increased electron density. D: Keratohyalin droplets. G: 
Keratohyalin granules. M: Membrane-coating granules. Lu: Lumen. I: 
Inner cells (X 4,400) . 
FIG 7. The B portion differs from the A portion by the absence of 
intervening keratin cell layers, although keratohyalin droplets (D) are 
still formed in the inner cells (1) but are fewer. G: Keratohyalin 
granules. M: Membrane-coating granules. Lu: Lumen (X 2,700). 
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FIG 8. A, The lower most B portion still exhibits gradual loss of 
ability to form keratohyalin granules in the surrounding cells despite 
an abundance of membrane-coating granules (M) . Lu: Lumen. I: Inner 
cells. BL: Basal lamina. D: Keratohyalin droplets (x 2,700) . B, A higher 
magnification of membrane-coating granules (M) and a keratohyalin 
droplet (D) (X 12,000). 
FIG 9. The C portion shows the absence of both keratohyalin drop-
Jets in the inner cells (I) and keratohyalin granules in the surrounding 
cells, but still containing a moderate number of membrane-coating 
granules (M) . Lu: Lumen. BL: Basal lamina (X 2,900) . 
cells began to form small round keratohyalin granules, which 
are defined as keratohyalin droplets later [15,16], at the level of 
the middle-squamous layer in the most of the body areas. The 
inner cells accumulate more keratohyalin droplets as they move 
into the upper squamous layers and form more fla ttened keratin 
cell layers at the level of granular layers of the surrounding 
epidermis. The outer cells begin to form keratohyalin granules 
in the lower squamous cell layers, while the surrounding epi-
dermal cells show no keratohyalin granules at this level. At the 
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level of stratum granulosum of the surrounding epidermis the 
outer cells of eccrine acrosyringium are already completely 
keratinized. In these previous reports on eccrine acrosyringium, 
the 2 types of keratinization processes occurring in the inner 
and outer cell layers are also described though without making 
a clear demarcation line between the outer cells and the sur-
rounding epidermal cells. On the other hand Christophers and 
Plewig [17] proposed in their study on the cellular mechanism 
of eccrine acrosyringium formation that the acrosyringium was 
maintained by the proliferative activity of "acrosyringeal basal 
cells" which were lined up perpendicular to the basement 
membrane of funnel-like epidermis thickening, in addition to 
cellular supply from its subepidermal matrix zone. According 
to them the eccrine acrosyringium was composed of not only 
one layer of inner cells and 2 to 3 layers of outer cells but also 
further outside cell layers including the acrosyringeal basal 
cells. 
FIG 10. The lower most C portion finally shows a loss of keratinizing 
signs such as the formation of membrane-coating granules although, in 
contrast to the dermal duct, it is still composed of more than 2 or 3 cell 
layers. Lu: Lumen. BL: Basal lamina (X 3,200). 
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FIG 11. Ultrastructural differences of the A, Band C portions of the 
acrosyringeal and periacrosyringeal cell layers of apocrine sweat appa-
ratus. - , absent; +, present in rather limited numbers; ++, present in 
large numbers. 
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Our present results on apocrine acrosyringium indicate that 
there are 2 distinctly different but closely inten-elated cellular 
units from its C to A portion, namely (I) a keratinization process 
lacking membrane-coating granules but containing keratohy-
alin droplets occun-ing in the inner cell layer of the acrosyrin-
gium and (II) a keratinization process rich in membrane-coating 
granules and containing keratohyalin granules occurring in the 
outer sun-ounding concentric cell layers. The outer concentric 
cell layers have been found to possess no subcellular features 
differing from the infundibular or epidermal keratinocytes in 
the further out area except t he presence or absence of adapted 
flattened cell configuration. In accordance with these findings 
the phosphorylase activity has been found not only in the 2 to 
3 layers of outer cells but also in the further out surrounding 
cell layers (Fig 2B). Our evidence is in partial agreement with 
Christopher and Plewig's [17] proposal that the "acrosyringeal 
basal cells" move toward acrosyringeal coiled lumen thus form-
ing a continuous biological cellular unit. However further mi-
gration of these cells into the inner cell layer was not proved in 
their fmdings and is difficult to be supported by our fmdings, 
particularly our evidence for the presence of concentric keratin 
layers dividing the inner cell layer and so-called outer cell layers 
(Fig lA and 5A). These observed differences seem to indicate 
that the outer cell layers observed in apocrine acrosy:ringium 
do not belong to the duct proper but rather should be consid-
ered to be periacrosyringeal cell layers which are specially 
differentiated to envelop the intra-epithelial duct and which 
possess a keratinization process identical to those of infundi-
bular cells. It may be pointed out that in contrast to the inner 
cell layer of acrosyringium, the periacrosyringeal cell layers 
often contain melanosomes parallel to epidermal pigmentation. 
Based on the above evidence it seems reasonable to introduce 
the concept of an acrosyringeal complex which is composed of 
periacrosyringeal cell layers and the proper acrosyringeal cell 
layer. 
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